Abstract. The aim of this study was to explore the influence of viscosity on pharyngeal residue in normal healthy volunteers. Scintigraphy was used to measure pharyngeal residue in 11 healthy volunteers after swallowing three different substances (age = 20.2-48.3 years). The first substance was a 10-ml solution of tap water with 0.5% xanthan with a viscosity of 4500 mPa s, comparable to a yogurt drink. The second and third substances were a 0.75% xanthan and a 1.00% xanthan solution, with viscosities of 10,500 and 21,000 mPa s, comparable to low-fat yogurt and 3% fat yogurt, respectively. Tap water was used as the control substance. Mean pharyngeal residue after swallowing tap water was 2.3% (SD = 1.2) of the initial volume in the oral cavity. Pharyngeal residue after swallowing 0.5% xanthan solution was 1.8% (SD = 0.8), after swallowing 0.75% xanthan solution 2.6% (SD = 2.2), and after swallowing 1.00% xanthan solution 2.8% (SD = 1.7). No significant correlation between increase of viscosity and pharyngeal residue was found. In healthy persons viscosity does not seem to be a significant parameter for pharyngeal residue for boluses with viscosities ranging from tap water to solutions having a viscosity comparable to 3% fat yogurt.
The residual amount of food or beverage in the pharynx after swallowing (pharyngeal residue) is an important parameter in diagnostic procedures in the treatment of swallowing disorders. In common practice of management of swallowing disorders, the amount of pharyngeal residue is determined either by videofluoroscopy or by transnasal flexible endoscopy (FEES). With the help of logistic regression, Perlman et al. [1] predicted the chance of aspiration (food or liquid that gets into the lungs) based on the amount of pharyngeal residue. An odds ratio of 1.4 for aspiration was found for patients with pharyngeal residue. In this study 330 videofluoroscopies of dysphagic patients were analyzed and the amount of pharyngeal residue was rated on a four-point scale (absent, mild, moderate, severe). The study also showed that a patient with severe pharyngeal residue has an increased risk of aspiration (odds ratio of 4.0) and underlined the importance of quantifying pharyngeal residues. Dejaeger et al. [2] analyzed videofluoroscopies of 25 healthy elderly and clearly described localization of pharyngeal residue; unfortunately, they did not attempt to quantify the amount of residue.
Few attempts have been made to quantify pharyngeal residue in normal and dysphagic populations, mainly because of the limited availability of appropriate diagnostic tools. Videofluoroscopy or FEES has been used to explore physiologic parameters of swallowing [3, 4] . One of the limitations of the use of these techniques is the lack of reliable interpretation of physiologic parameters. Stoeckli et al. [5] analyzed the inter-and intrajudge reproducibility of the interpretation of videofluoroscopy and suggested that the agreement for assessing pharyngeal parameters is minimal to moderate (j = 0.01-0.56).
Scintigraphy allows quantitative measurement by using a technetium-99m ( 99m Tc)-labeled colloid. 99m Tc colloid is used in routine clinical practice for investigating gastrointestinal motility disorders of the esophagus and stomach [6, 7] . The scintigraphic technique allows quantitative assessment because the amount of radioactivity (radioactive counts) can be measured with a gamma camera. Scintigraphy in dysphagia mainly is used for detection of aspiration in young children because the radiation doses are less than those of videofluoroscopy [8] . It is used less frequently in adults, although recently it has been described as a useful and reliable diagnostic tool in adult patients with oropharyngeal dysphagia [9] . Only three studies have been performed with scintigraphy to examine pharyngeal parameters of normal swallowing physiology: Cook et al. [10] used scintigraphy to study the influence of age on swallowing efficiency. Hamlet et al. [11] reported on the differences in bolus transit times and oropharyngeal residues in healthy volunteers, while Shaw et al. [12] studied the influence of bolus volume on pharyngeal residue. All these studies examined different parameters of swallowing and found different outcomes. The aim of this study was to explore the influence of viscosity on pharyngeal residue in normal healthy volunteers, where our hypothesis was that swallowing a more viscous product would result in more pharyngeal residue in healthy volunteers.
Methods

Volunteers
Eleven healthy volunteers (9 female, 2 male, mean age = 29.1 years, standard deviation [SD] = 8.9), recruited by public advertisement, were invited to participate. All volunteers reported no history of swallowing problems. All volunteers gave written informed consent to participate in the study, which was approved by the Medical Ethics Committee of the Academic Medical Center of the University of Amsterdam.
Bolus Characteristics
Before the examination, three different substances with three different viscosities were prepared in a research laboratory. All viscosities were measured with a viscosity meter (Brookfield LVT Viscometer, model DV-II + ) after 24 h of storage in a refrigerator at a constant temperature of 4°C. Measurements were performed with spindle No. 63 at a velocity of 3 rpm and viscosities were recorded after 30 s. The substances consisted of tap water thickened with different percentages of xanthan, a polysaccharide commonly used in the food industry to thicken fluids. The first substance was a solution of tap water with 0.5% xanthan resulting in a substance with a viscosity of 4500 mPa s, comparable to a yogurt drink. The second and third substances were tap water with 0.75% and 1.00% xanthan, resulting in viscosities of 10,500 and 21,000 mPa s, comparable to low-fat yogurt and 3% fat yogurt, respectively. As reference, tap water with a viscosity of 1 mPa s (per definition) was used. For all solutions 200 ml was labeled with 260 MBq of 99m Tc colloid (Hepatate, GE Health, Eindhoven, The Netherlands) dissolved in 1 ml 0.9% saline solution and prepared in such a way that for 10 ml of each solution the radiation dose was 13 MBq. After labeling, 44 syringes (4 per volunteer) were used to collect 10 ml of each of the four solutions (tap water, 0.5%, 0.75%, and 1.00% xanthan). The three xanthan solutions, stored for more than 24 h in a refrigerator at a stable temperature of 4°C, were mixed with the 99m Tc colloid 1 h before the study.
Data Collection
For this study a gamma camera (Orbiter, Siemens Medical Systems, Germany) was fitted with a low-energy all-purpose collimator. A dynamic acquisition using 0.25-s frames was performed for 30 s. Data were acquired and processed on a Hermes workstation (Nuclear Diagnostics, Sweden). Volunteers were asked to sit in front of the gamma camera and hold their right cheek against the collimator. The oral cavity was placed in the middle of the field-ofview. When the volunteer was placed in the right position, 10 ml of one of the solutions was emptied in the mouth of the volunteer with a syringe. Volunteers were instructed to hold the bolus in their mouth and swallow on command. They were specifically instructed to swallow the whole bolus in one swallow and to breath through the mouth to inhibit a second swallow. Three cobalt markers were placed on the skin of the volunteers using a pen pointer: one on the mastoid bone, one on the hyoid bone, and one underneath the thyroid cartilage. The exact placement for the marker was found by palpation of the head and neck.
First, the volunteers were asked to swallow the water with 99m Tc colloid. After recording the swallow for 30 s, the volunteers were asked to rinse their mouth with unlabeled tap water and to swallow 200 ml unlabeled tap water to wash away any residue from the previous recording. The second recording was done with 10 ml of the 0.5% xanthan solution, the third with the 0.75% xanthan, and the last with the 1.00% xanthan. Between recordings the volunteers were instructed to rinse their mouth and swallow 200 ml unlabeled tap water to clear any possible residue. Each volunteer swallowed a consistency labeled with a dose of 13 MBq four times, for a total of 52 MBq, which is equal to a radiation dose of less than 1 milliSievert (mSv). According to the ICRP62 guidelines, this is a minor radiation dose (category IIa).
After data collection the results were stored and processed on a Hermes workstation. Based on the markers, two regions of interest (ROI) were defined: the oral cavity (ROI-1), bordered by a straight line between the hyoid marker and the mastoid marker, and the pharynx (ROI-2), bordered by a straight line between the hyoid marker and the mastoid marker and a horizontal line from the thyroid marker, as described by previous studies [10, 11] . To estimate background activity during the examinations, a third ROI with a comparable surface area to ROI-2 was defined to the right of the field of view. Figure 1 shows the three ROIs. Collected data were transferred to a spreadsheet file (Excel, Microsoft Corp., Redmond, WA), which showed the number of counts within the specific ROI at each frame (0.25 s) of the total acquisition. For our analysis the average count of 8 frames (2 s) before swallowing was used to determine the average number of counts in the oral cavity. After swallowing the average count of 4 s (16 frames) was used to determine the average amount of pharyngeal residue, expressed in counts. Background activity was estimated by a measurement of 4 s; this was subtracted from the average count in the oral cavity and the pharyngeal residue. Hereafter, the number of pharyngeal counts was divided by the number of counts in the oral cavity, thus providing a percentage of pharyngeal residue.
Statistical Analysis
The calculated percentages of pharyngeal residue were transferred to SPSS v12.0 (SPSS Inc., Chicago, IL) for further analysis. Distribution of the percentages was formally tested with the Kolmogorov-Smirnoff test for normality and was not found to be normally distributed. To explore differences in median percentages of pharyngeal residues of the three xanthan solutions to the reference (tap water) on a group level, a nonparametric (Friedman) test was used. All statistical tests were two-tailed and differences were evaluated at the 5% level of significance.
Results
The mean pharyngeal residue after swallowing tap water was 2.3% (SD = 1.2; range = 1.1%-4.5%) of the initial volume in the oral cavity. The percentage of pharyngeal residue after swallowing the 0.5% xanthan solution was 1.8% (SD = 0.8; range = 0.9%-2.8%), after swallowing the 0.75% xanthan solution the residue was 2.6% (SD = 2.2; range = 0.7%-8.1%), and after swallowing the 1.00% xanthan solution the pharyngeal residue was 2.8% (SD = 1.7; range = 1.2%-6.4%).
Median percentages of pharyngeal residue were analyzed. Figure 2 shows by boxplot the distribution of residue for the four different viscosities in the 11 nondysphagic volunteers. No significant difference in the amount of residue between the four groups was found (v 2 = 0.927, df = 3, p = 0.819).
Although the sample size was limited, post hoc analysis showed that this study had a power of 0.96 (n = 11 with an effect size of 0.47 based on a SD and correlation between measurements occasions of 1.1 and 0.7, respectively). Based on these results, a power calculation showed that in future research (with a power of 0.80 and alpha of 0.05) at least 137 healthy volunteers would be needed to detect any possible difference in the amount of pharyngeal residue between the four groups (tap water, 0.5%, 0.75%, and 1.00% xanthan) ( Table 1) .
Discussion
Our study attempted to investigate the correlations between viscosity and pharyngeal residue in healthy volunteers; we did not find evidence for a positive correlation between an increase of viscosity and an increase in pharyngeal residue.
Because Shaw et al. [12] established that bolus volume does not influence pharyngeal residue, allowing extrapolation of our findings to other volumes, only one bolus volume was used in this study. It might be suggested that our volunteers drank 200 ml tap water after the first labeled bolus and thus the mucosa of the pharynx was relatively dry before the first estimation of pharyngeal residue. Because the larger proportion of our volunteers had drunk coffee, tea, or water in the last hour before the study, differences in dryness of the pharyngeal mucosa is not considered a confounder. Only one bolus per viscosity was used, therefore no data on intrasubject differences could be provided. If multiple boluses per viscosity had been used in this study, the radiation exposure for our volunteers would have been much higher. Because none of the volunteers had swallowing disorders and all were used to swallowing tap water and yogurt, any adaptation in swallowing during the study to the circumstances during data collection or intrasubject differences can be considered negligible.
Raut et al. [13] examined with manometry the influence of increased viscosity on pharyngeal pressures. It was concluded that an increased bolus viscosity led to increased amplitude of the bolus wave and clearing contractions within the pharynx. The increase in contraction of the pharyngeal muscles supports our findings of equivalent percentages of residue for the different viscosities.
Hamlet et al. [11] reported on the differences in bolus transit times and oropharyngeal residues in healthy volunteers. In that study 20 healthy volunteers (age = 39-65 years) swallowed tap water and a thickened substance labeled with 99m Tc. The mean pharyngeal residue was found to be 4.0% (standard error [SE] = 0.5) for tap water and 10.5% (SE = 0.1) for a substance with a viscosity of 1070 mPa s.
Differences in the Hamlet et al. study and our study might be explained by temperature influences and different approaches to measure viscosity. In the Hamlet study [11] the bolus temperature was set at 25°C, whereas in our study syringes were stored in a chilled room. Therefore, temperature is not considered a confounding factor in our study. Also, in the Hamlet study [11] a Brookfield Viscometer type RVT was used, which is more suitable for measuring the viscosity of low-viscosity products like milk. In our study we used a Brookfield Viscometer type LVT, which is more suitable for high-viscosity substances, making an adequate comparison between measured viscosities of the two studies not possible.
Literature suggests that body positioning, bolus temperature, and taste affect swallowing [3, 4, 14] . In our study the volunteers had to rotate their heads to the right side to obtain adequate measurements, following the protocol used in the Hamlet study [11] . This might have reduced the amount of pharyngeal residue because the bolus passes the pharynx mainly on one side and the contact area between bolus and pharyngeal wall is decreased. It is known that in some dysphagic patients (i.e., patients with unilateral pharyngeal weaknesses) rotating the head decreases the amount of residue, but the effects of head rotation on healthy individuals has not been investigated. Looking at the wide distribution of percentages of residues in volunteers (Table 1 ) and the slightly lower percentage (2.3%) found in our study compared with that of Shaw [12] (2.5%), where measurements were made in a right lateral position, one might conclude that the influence of head rotation in our study cannot be seen as a confounding factor on the outcome.t
Conclusion
In 11 healthy volunteers, mean pharyngeal residue after swallowing tap water was 2.3% (SD = 1.2) of the initial volume in the oral cavity. The percentage of pharyngeal residue after swallowing 0.5% xanthan solution was 1.8% (SD = 0.8), after swallowing 0.75% xanthan solution the residue was 2.6% (SD = 2.2), and after swallowing 1.00% xanthan solution the residue was 2.8% (SD = 1.7). Our data do not show a significant increase in pharyngeal residue in healthy volunteers as a result of an increasing viscosity of viscous solutions, ranging from tap water to full-fat yogurt. Although some trends may be seen, (confounding) factors other than viscosity may play a role in the build up of pharyngeal residue. 
